Introduction. This is an international study of the epidemiology of family medicine (FM) in three practice populations from the Netherlands, Malta and Serbia. Diagnostic associations between common reasons for encounter (RfEs) and episodes titles are compared and similarities and differences are described and analysed. Methodology. Participating family doctors (FDs) recorded details of all their patient contacts in an 'episode of care (EoC)' structure using the International Classification of Primary Care (ICPC). RfEs presented by the patient and episode titles (diagnostic labels of EoCs) were classified with ICPC. The relationships between RfEs and episode titles were studied with Bayesian methods.
Introduction
The development of family medicine (FM, synonymous with general practice) as an academic discipline is supported by the collection of empirical information from clinical practice. The study of the epidemiology of FM using electronic medical record (EMR) databases is a classic example. [1] [2] [3] [4] Numerous EMR databases collected from networks of FM practices are available. Unfortunately, many do not capture the patient's symptoms and complaints and are not structured to reflect the richness and complexity of doctor-patient encounters over time, i.e. data are often not collected with an episode-based model. Consequently, incidence and prevalence rates are inflated since they cannot be precisely corrected for the effect of multiple encounters dealing with one health problem over time, as we have shown in the first article in this series. 3, 4 The use of a classification system with the appropriate granularity and theoretical framework to accurately reduce data complexity is an additional challenge for the quality of such studies. 3 FM is a complex discipline; the reduction of the content of a consultation into one or more medical diagnoses, ignoring the patient's reason for encounter (RfE), is a coarse reduction which lacks important perspectives necessary to fully characterize a population's health care needs. 4 The databases collected as part of the Transition Project 1, 4 are an attempt to collect data in a way which addresses many of these challenges. However, practices providing such data are not necessarily representative of all practices within a geographical region or health care system, 1 and inter-doctor and inter-practice variations have effects, which should be considered in analysing such research studies. 5 We have studied inter-doctor variation in another article in this series. 6 As we have shown previously, 3, 4 studies of incidence and prevalence in FM allow the exploration of similarities and differences between FM populations. However, they do not allow study of the core characteristics of the practice of FM, including the process of diagnosis. We hypothesize the existence of both international and local, health care system specific, content of the domain of FM. Distributions of data from EMR studies are a reflection of both effects, besides many other effects. 4 Do studies into the process of diagnosis add further insight into an international core content of the domain of FM?
This study aims to support the development of FM research through the analysis of the epidemiology of FM using a set of longitudinal clinical databases, collected in the Netherlands, Malta and Serbia, since 1985, 2000 and 2003, respectively. 4, 7 This paper shall focus on distributions of diagnostic associations between RfEs and diagnoses.
In view of substantial socio-cultural and economic differences between these countries, besides differences in health care delivery, it is to be expected that the distributions of patient needs and disease patterns will be different, and consequently, family doctors' (FDs) process of care and diagnoses too. 4 However, the general content of FM in these countries may be similar, due to the postulated international discipline of FM, with similarities in actual practise across international divides. The study of these similarities and differences reflected in EMR data collected from these practice populations could inform the discussion on an international core content of FM as a clinical and academic discipline and on whether data on diagnostic relationships in one population can be usefully transferred to another population.
Research questions
What are the quantitative relationships between common RfEs and common diagnoses (episode titles) within episodes of care (EoCs) in routine family practice in practice populations from Malta, the Netherlands and Serbia? What are potential explanations for apparent similarities and differences in the approach to the process of diagnosis, within EoCs in these practice populations? Notwithstanding such differences, if any, what are the generic similarities in the content and practice of general practice/FM in these practice populations and do these similarities support the existence of an international discipline of FM?
Methodology

Data
The freely available EMR TransHis 7 uses the 'International Classification of Primary Care' (ICPC) 8 to collect data from FDs who participated in the Transition Project and recorded details of all their patient contacts in an 'EoC' structure for a defined period of time [43 577 patient years of observation over 5 years in Malta (2001 Malta ( -2005 , 158 370 patient years over 11 years in the Netherlands (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) and 72 673 patient years during 1 year in Serbia (2003) ]. The populations in the Netherlands and Serbia represent registered patient populations (but the Serb FDs should not register children <15 years), while the population in Malta represents patients consulting over a 5-year period.
Data elements
An EoC is defined as a health problem from its first presentation by the patient to the FD, until the completion of the last encounter for it. It encompasses all contact elements related to that health problem. Its name (i.e. the diagnostic label of the EoC) may be modified over time, and in this article, we refer to it as the 'episode title'. 8, 9 A symptom label can, and indeed should, be used as an episode title when appropriate, 3, 8 and this is termed a 'symptom diagnosis'. The RfE(s) is defined as an agreed statement of the reason(s) why a person enters the health care system, representing the demand for care by that person. The RfE should be recognized by the patient as an acceptable description of the demand for care. 8, 9 Doctors recording data for the Transition Project were trained to record RfEs according to the definitions above and the ICPC book, 8 reflecting the patient's symptoms and requests as they expressed them. Symptoms elicited during history taking (i.e. the history of the presenting complaint) were recorded in a separate cell in the EMR Transhis and were not used for the analyses in this study. RfEs presented by the patient and diagnostic labels for each EoC were classified with ICPC-2-E (ICPC-1 in the Netherlands). These data were recorded in an episode-oriented model using the EMR TransHis in various versions. 7 ICPC has a biaxial structure, with 17 chapters on one axis and 7 components on the other.
Chapters are based on body systems, with an additional chapter for psychological problems and one for social problems. 8 Each chapter is identified by a single alphabetic code, which is the first character of all rubrics belonging to that chapter. Each chapter is divided into seven components, identified by a range of two digit numeric codes. Component 1 codes symptoms and complaints, while Component 7 codes diseases. A RfE can be either a symptom (Component 1) or a disease (Component 7) when a patient presents with the RfE such as 'doctor, I have migraine'. Conversely, an EoC may have a disease-label diagnostic title or it may be labelled with a Component 1 'symptom' diagnosis, such as when the FD cannot be more precise than label an EoC with the title 'shortness of breath'.
Components 2-6 deal with interventions and can be used to code an RfE, which is presented as a request for an 'intervention'. 8 
Data analysis
The relationships between RfEs and episode titles were studied using Bayesian probability analysis to calculate the 'posterior (post-test) odds' of an episode title given a RfE, at the start of a new EoC. The posttest odds of an episode title, given the presence of a specific RfE, is given by the pre-test odds (related to the prevalence of the EoC in the population under study) multiplied by the 'likelihood ratio' (LR). The diagnostic odds ratio (OR) is derived from the positive and negative LRs (see Table 1 below). The diagnostic relationships between RfEs and episode titles are thus summarized by such diagnostic ORs, and these numbers are reported in the tables. The ORs were calculated in a similar way to the method by Okkes et al., 9 representing the odds of disease against no disease over odds of RfE present against absent (Table 1) . We modified the method slightly so as to calculate odds within an EoC rather than patient years of observation. This has the advantage of estimating LRs and ORs for a new problem at the beginning of an EoC.
It would be possible to analyse such diagnostic relationships for all possible combinations of episode titles and RfEs. For the purpose of feasibility and clarity, the analysis was limited to the common top 20 distributions of EoCs (prevalent) and RfEs (incident) from all three databases, which we have published Distributions of new episodes of care (EoC) with, or without, the reason for encounter (RfE) 'cough' (R05) and the episode title 'bronchitis' (R78). The characteristics of a predictor: cough as a predictor of bronchitis at the start of a new EoC (first encounter in a new EoC) in the Netherlands. The proportion of EoCs starting with a diagnosis of bronchitis (code R78) rises from 2.0% [proportion in new EoCs in all (unselected) patients, i.e. the pretest or prior probability) to 24.4% (observed 'plus expected') in those presenting with the RfE cough (code R05). The LR+ is 16.2 and the LR-is 0.3, with narrow CIs, which exclude unity. The pre-test odds of bronchitis in a new EoC is 0.02, and the post-test odds given the RfE cough is 0.32. The diagnostic OR is 53.9 (numerically equivalent to LR+/LR-) with a narrow CI. LR+, positive likelihood ratio; an expression of the extent to which a symptom increases the probability of a diagnosis. The LR for the existence of the symptom (RfE) is the odds that it will exist in a new EoC with that diagnosis, in contrast to a new EoC without that diagnosis; LR-, negative likelihood ratio; the LR for absence of the symptom (a negative result) is the odds that a test will be negative in a new EoC of that diagnosis, contrasted with an EoC without that diagnosis; PV, predictive value (+positive and -negative); the probability that a new EoC with a positive test (presence of a defined RfE) has the disease (positive predictive value). The probability that a person or a proportion of a population with a negative test does not have the disease is the negative predictive value; OR, diagnostic odds ratio of disease (i.e. odds of episode title bronchitis present against absent) against test (i.e. odds of RfE cough present against absent); the ratio of the probability of occurrence of an event to that of non-occurrence; Sens, sensitivity; a test with high sensitivity detects a high proportion of true cases; Spec, specificity; the specificity is the proportion of truly non-diseased persons who are so identified by the test (synonym: true negative rate); pretest odds, pre-test odds; odds of disease in all new EoCs; posttest odds, post-test odds; odds of disease in the population of new EoCs starting with the RfE cough; CI, 95% confidence interval.
previously. 4 Data from all types of encounters (including telephone encounters and repeat prescriptions) were analysed together, but RfEs presented as requests for interventions (such as a request for a repeat prescription or paperwork) were excluded from the analysis. Thus, only ICPC Component 1 or 7 RfEs [i.e. RfEs expressed as a symptom (Component 1) such as 'cough' or a disease-label (Component 7), such as '(I have) migraine'] were considered for this study. 8 Clinical and statistical significance The minimum level of 'clinical significance' for an OR was taken as that which represents a standardized difference of >0.1 (10%) , which equates to a relative risk of >2. 10 Since the OR tends to overestimate the relative risk, an arbitrary cut-off level of >3 (rounded from >2.45 at two decimal places) for the OR of a positive association and <0.3 (rounded from <0.34) for the OR of a negative association were taken as thresholds for the clinical significance of an association. This is intentionally more conservative than the previously published minimally useful values of 2.0 for a positive likelihood ratio (LR+) and 0.5 for a negative likelihood ratio (LR-), respectively. 11 ORs which are outside these limits, as well as calculations based on cells with small numbers, were ignored for the purposes of this study. Confidence intervals (CIs) for these ORs were included to express our confidence limits in generalizing these diagnostic data to a larger population of diagnostic decisions. ORs which are not at least as large as the width of their 95% CI were also ignored as statistically unreliable. 9, 12, 13 These conservative criteria adjust for the increased chance of describing spurious associations due to the large numbers of statistical tests, or due to small number effects, and for the effect of clustering of data on estimates of variance. 12 
Analysis of similarities
The diagnostic ORs which were both clinically and statistically significant were organized in tables in sets of three, one from each practice population database. The two tables were ordered by the 36 RfEs and 41 episode titles, respectively. Sets of clinically significant ORs were compared, when two or more ORs were significant. Comparisons included direction of the ORs from unity, magnitude of the OR and proportion of sets for a given RfE or episode title which were congruent. Congruency was taken as similarity in direction from unity, i.e. two ORs which are significant and which are both greater than and less than unity. Statistical consistency of ORs was also analysed, two ORs being taken to be consistent when either was within the 95% CI of the other.
Ethical approval
The study does not involve collection of new data. Ethical approval has been applied for locally, when appropriate, for studies in the Netherlands, Serbia and Malta.
Results
We would suggest that a printed copy of all ICPC rubrics and short text labels might be useful while reading the Results and Discussion sections below. Such two-page documents are freely available in many languages from the Wonca website (http://www. globalfamilydoctor.com/wicc/pagers.html).
Exemplar diagnostic association
An example of the analysis of a diagnostic association based on output from the Transition Project is given in Table 1 . 9 The characteristics of a predictor are exemplified by testing the predictive power of the RfE cough for the episode title 'bronchitis' at the start of a new EoC (first encounter in a new EoC) in the Dutch database. The proportion of diagnoses of bronchitis (code R78) in new EoCs rises from 2.0% [proportion in new EoCs in all (unselected)] patients: pre-test or prior probability, the 'test' being the RfE presented during a consultation with an FD] to 24.4% ('observed plus expected': post-test probability) in those presenting with the RfE cough (code R05). In a 'population' of EoCs, those new EoCs that start with the RfE cough (R05) have 54 times the odds to have a diagnostic label of bronchitis (R78) of those that do not (OR). This diagnostic OR is used in Tables 2 and 3 to summarize diagnostic relationships. The presence of the symptom cough makes the diagnostic label of bronchitis at the start of a new EoC over 16 times (LR+) more likely than the pre-test odds, and its absence decreases the likelihood to one-third (LR-) of the pretest odds. The LR+ is high (unity would indicate no association) and the LR-is low, with narrow CIs that exclude unity. The diagnostic OR is consequently high (LR+/LR-= 53.9) with a narrow CI. The pre-test odds is 0.02 and the post-test odds is 0.32, numerically equivalent to the pre-test odds multiplied by the LR+. This exemplar OR fulfils our clinical and statistical significance criteria.
Distributions of diagnostic associations-RfE perspective
The distribution of clinically and statistically significant diagnostic ORs of the 36 RfEs against the 41 episode titles in new EoCs is given in Table 2 . 4 For each RfE, episode titles with a significant association are given as an ICPC rubric, along with the diagnostic OR and 95% CI. Each set of numbers in brackets represents the OR for the three populations in turn (given only if they are significant, otherwise left blank '-'). The ORs are calculated at the start of new EoCs as in Table 1 . Of 159 sets of significant associations (Table 2) , 76 allowed comparisons between databases since two or three ORs were clinically and statistically significant. Seventy-five of these sets of associations were congruent (i.e. all significant ORs were in the same direction, either more than or less than unity) between at least two databases. In only 1 of 76 sets were the ORs not congruent (diverging, in opposite directions from unity).
Eighteen of 36 RfEs (Table 2) demonstrated associations which were congruent in two or more databases in at least half of the sets for that RfE. In the other 18 cases, only one OR in a set of three was significant in the majority of sets, and as such, no assessment of congruence was possible. Individual examples with positive or negative associations with a number of EoCs included cough (R05), 'nasal snuffles' (R07) and digestive system RfEs ['vomiting' (D10), 'diarrhoea' (D11) and 'nausea' (D09)].
In general, there were greater similarities in the sets of ORs between the Maltese and Dutch databases. However, 'textbook' associations were strong in all three databases, such as the association of the symptoms diarrhoea (D11), vomiting (D10) and nausea (D09) with the episode title 'gastroenteritis' (D73); cough (R05), fever (A03) and shortness of breath (R02) with bronchitis (R78); cough (R05), throat pain (R21) and nasal symptoms (R07) with pharyngitis/upper respiratory tract infection (URTI) (R74); fever (A03) and throat pain (R21) with tonsillitis (R76); localized abdominal pain (D06), 'urinary frequency' (U02) and 'dysuria' (U01) with 'cystitis' (U71); but also cough (R05) and 'fever' (A03) with their respective For each RfE, the episode titles that had a significant association with it are listed. The OR for each RfE against that episode title is given, along with the 95% CI for each of the three populations in turn. Trends consistent in all three populations highlighted in bold type. Rank, the rank of incidence in the Netherlands; 4 Code, the RfE ICPC rubric; label, the RfE rubric text label (ICPC-2-E labels used); EoCs with OR <0.3 or >3.0, the ICPC rubric (refer to Table 3 or ICPC two pager for text label) for all episode titles with a clinically significant OR for that RfE is given, followed by the OR for each population in turn, in brackets, with the 95% CI in square brackets, i. symptom diagnoses (i.e. R05 and A03 as an episode title) at the start of a new EoC. Interesting differences were also found, such as the fact that 'respiratory system pain' (R01) was a predictor of 'tracheitis' (R77) in the Maltese data set, but not in the other two, while it was a predictor for bronchitis (R78) in the Dutch and Serb databases but not in the Maltese.
Distributions of diagnostic associations-episode title perspective
The distribution of clinically and statistically significant diagnostic ORs of the 41 episode titles against the 36 RfEs is given in Table 3 . 4 For each episode title, the RfEs with a significant association are given as an ICPC rubric, along with the diagnostic OR and 95% CI. Each set of numbers in brackets represents the OR for the three populations in turn. The ORs are calculated, as in Table 1 at the start of new EoCs.
As expected, 75 of 76 sets of associations with two or more significant ORs were congruent between at least two databases since these are the same data from an episode title perspective. Twenty of 41 episode titles demonstrate sets of associations which were congruent in two or more databases in at least half of the sets. In the majority of the other 21 cases, only one OR in a set of three was significant and as such, no test of congruence was possible. Incongruence was not excluded, but congruence could not be demonstrated on the basis of these data.
There appeared to be greater congruence for diagnoses with classically defined symptom patterns such as the episode title 'eczema', an EoC associated with the RfEs 'local erythema', 'pruritus' and 'generalized rash'; 'cystitis' with the RfEs 'other localized abdominal pain', 'dysuria' and 'frequency'; 'URTI' with 'cough', 'fever', 'throat complaints', 'neck pain', For each episode title, the RfEs that have a significant association with it are listed. The OR for each episode title against the RfE is given, along with the 95% CI, for each of the three populations in turn. Trends consistent in all three populations highlighted in bold type. Rank, the rank of incidence in the Netherlands; 4 Code: the episode title ICPC rubric; label, the episode title rubric text label (ICPC-2-E labels used); RfEs with OR <0.3 or >3.0, the ICPC rubric (refer to Table 2 or ICPC two pager for label) of all RfEs with a clinically significant OR or that EoC is given, followed by the ORs for each population in turn, in brackets, with the 95% CI in square brackets, i.e. RfE 'dizziness', 'diarrhoea' and 'sneezing', besides the patient presenting with the complaint 'doctor, I have a cold'; bronchitis with cough, fever, shortness of breath and respiratory system pain; 'dermatophytosis' with 'localized rash' and 'pruritus'; 'ear wax' with 'ear pain' and 'hearing complaints'; 'asthma' with 'cough' and 'shortness of breath'; 'depression' with 'lethargy' and 'symptoms of anxiety' (note: 'sadness' was not common enough as an RfE to be included in the common top 20 distribution) and 'sinusitis' with 'cough,' 'headache' and 'nasal symptoms' to list just 9. Congruence for symptom diagnoses as episode titles was less between databases; e.g. for 'family planning,' 'sleep disturbance' and 'cough'; although the symptom diagnosis 'low back pain' as an episode title showed good congruence with the RfEs 'low back pain' and 'back symptoms'.
Distributions of diagnostic associations-all sets
Considering all 159 sets of associations in Tables 2  and 3 , it is notable that: (i) 75 sets of associations of 76 where comparisons between two or more ORs were possible, were congruent in at least two databases; (ii) in 36 cases, all three ORs in a set were in the same direction; (iii) in only one case (the association between the RfE 'shortness of breath' (R02) and the episode title 'URTI' (R74)) were the odds higher than unity in one database in the set (2.7 in the Netherlands) and lower than unity in another (0.3 in Malta); (iv) in 35 cases, the ORs in a set were all in the same direction and all greater than 10, indicating a strong association 11 and finally (v) in 19 of 76 sets, the ORs were statistically consistent (one OR lying within the CI of another in the set) between at least two populations.
Discussion
Summary First research question. This study quantifies, as diagnostic ORs, the relationships between common reasons for encounter and common diagnoses (episode titles) in selected practice populations from Malta, the Netherlands and Serbia. These ORs were remarkably similar between these different FM populations, with many sets of observations being internally congruent, and some statistically consistent. There appeared to be slightly more congruence from the RfE perspective.
Second research question. There are many potential explanations for the observed similarities in the approach to the process of diagnosis in different family practice populations. The existence of an international core content of the process of diagnosis in medicine in general, and FM in particular, is eminent among them and is an appropriate theoretical framework for analysing these observations. Differences were found in the magnitude of diagnostic relationships (size of diagnostic ORs) rather than their direction. In cases where a diagnostic relationship was significant in one population but was not significant in another, this was mainly due to wide CIs and lack of statistical significance. A larger data set with more observations would probably have found more congruence rather than less.
Third research question. The main conclusion of this study is that diagnostic information from one population, including diagnostic ORs and LRs, can be usefully transferred to other populations. However, the fact that we found important differences in the magnitudes of such diagnostic ORs, which should not be ignored, suggests that this process should be approached with appropriate levels of caution. The availability of more FM data from different populations is therefore highly desirable.
Notwithstanding few observed differences, the remarkable similarities in the content and practice of FM in these practice populations, as reflected in these sets of diagnostic associations, support the existence of an international discipline of FM.
Exemplar diagnostic associations between cough and bronchitis
With a high LR+ and low LR-, and consequently a high diagnostic OR (Table 1) , cough is a good predictor for the diagnosis of bronchitis at the beginning of a new EoC. LRs are considered a standard measure of the usefulness of a diagnostic test, 14 and the diagnostic OR is derived from the two LRs (i.e. 53.9, numerically equivalent to LR+/LR-). ORs were used in this article to describe the relationship between a RfE and an episode label at the start of a new EoC. In a companion article, we shall study the contribution of positive and negative LRs to a diagnostic association, 6 but for this study, the OR was the appropriate summary measure of the diagnostic association.
3,9,13
Distributions of diagnostic associations-RfE perspective Congruency in sets of diagnostic ORs was remarkable. Diagnostic associations were congruent between two or three populations in at least half of the sets for half of the RfEs (with clinically significant associations, Table 2 ). In the other sets, congruence could not be assessed since there was only one significant OR. The sets of ORs demonstrate relationships between symptoms (RfEs), and diagnoses (episode titles), and reflect the expertise of clinicians in interpreting diagnostic relationships and in picking up positive and/or negative associations when they, in fact, exist. Congruency in sets of associations between databases reflects common diagnostic concepts. 'Classical' associations between symptoms and disease-label diagnoses, such as the symptoms and signs of gastroenteritis and respiratory infections, were strongly and consistently reflected in these data. This latter observation not only reflects the effect of pathophysiology and of a common diagnostic concept but also reflects the expertise of the FD in 'picking up' and recording such diagnostic associations.
Despite the similarities, there were also some differences. For example, the Dutch FDs demonstrated expertise for the RfE 'tiredness' (A04), with more positive and negative associations with various episode titles when compared to the other populations. The Maltese FDs demonstrated good diagnostic processing of respiratory RfEs, as well as other RfEs often associated with acute viral illness. We found that the Serb FDs exhibited a pattern of high diagnostic ORs for disease-label diagnoses (i.e. diagnoses which are labelled with a Component 7 'disease-label' in ICPC, 3, 8 such as 'chronic bronchitis'), reflecting a tendency to avoid using symptom diagnoses. This practice may lead to the medicalization of health problems. 15 Differences from the other two databases also emerged for less classical associations, such as for various symptoms and the diagnosis of a 'drug side effect' (A85). Additional differences between databases were noted; it seems that 'pain of the respiratory system' (R01) was conceptualized more as a predictor for tracheitis (R77) by the Maltese FDs but more for bronchitis (R78) by the Dutch and Serb FDs.
Distributions of diagnostic associations-episode title perspective
As for the distribution of RfEs, the congruency of associations was remarkable. Almost half of the episode titles showed congruency among at least half of comparable sets of associations (Table 3 ). These tests of association support clinician expertise in interpreting relationships between episode titles and RfEs.
Similarities emerged, as expected from the analysis of the data in Table 2 above, such as the congruence between Dutch and Maltese sets of ORs and the preference of Serb doctors for disease-label diagnoses. However, for a few disease-label (ICPC component 7) episode titles, we could not demonstrate good congruency in associations across the three databases. Such episode titles presented with fewer of the commoner RfEs, and this was reflected in a relative lack of observations and consequently less significant ORs due to wider CIs. Examples include 'prevention' and 'no disease' (such as a consultation for paperwork), 'hypertension,' 'hyperlipidaemia' and 'diabetes,' 'hay fever' and 'side effects of medication'. It may be that the classical symptoms for these episode titles are not frequent enough to be included in the top 20 distributions and so we have not studied them. Additionally, some RfEs may not have been frequent enough to present significant ORs. Alternatively, some of these conditions (such as hypertension, hyperlipidemia and diabetes) may be picked up after requests for blood tests results or a blood pressure exam rather than specific symptoms. We have intentionally excluded such RfEs from this study since they are not in Component 1 or 7 of ICPC. Additionally, it may be that these are to a larger extent 'doctor-driven' EoCs (such as prevention, often started by the doctor rather than the patient), which are not strongly associated with specific symptoms. In any case, we could not demonstrate congruency based on our data rather than making any conclusion that such congruency did not indeed exist.
Distributions of diagnostic associations-all sets
The remarkable observed congruency of diagnostic concepts across populations supports a common theoretical framework and a common core diagnostic process in the discipline of FM. Our observations support an international core content of the domain of FM. Diagnostic ORs derived from one population could and should be used to support diagnostic decisions in another. However, the differences we found would suggest that such data should be made available from as many populations as possible.
Effect of frequency of exposure to diagnostic challenges
With a larger data set or a longer observation period, many more clinically significant ORs would probably have also achieved statistical significance. Relaxing our strict significance limits, such as accepting as significant those ORs with CIs excluding unity, would have had a similar effect. We discuss this further in another article in the series. 6 For example, in the case of the RfE cough (R05) and the EoC 'prevention' (A97), the OR was clinically significant at 0.05 for both the Dutch and the Maltese databases (Table 2) . However, the CI for the Maltese observation was two hundredths of a unit wider, just outside our limits for statistical significance. The Serb data set is also characterized by a number of associations, which were similar to the other two datasets, but which were also ignored due to the failure to achieve statistical and/or clinical significance.
Whenever RfEs or EoCs are less prevalent in a database, 4 the CI of a diagnostic OR widens due to the smaller number of observations. The converse is also true, and CIs narrow with larger numbers. The latter case allows an association between a symptom and an episode title in a new EoC to be more precisely defined mathematically, when such a diagnostic relationship indeed exists. Greater exposure to diagnostic challenges increases FDs' experience of these challenges but also provides more data on these associations should they indeed exist, with more precise estimates of an OR and narrower CIs. This mathematical relationship effectively expresses the effect of increased frequency (of exposure) supporting FDs' clinical acumen in the process of diagnosis, through more precisely defined diagnostic relationships with increased exposure to a specific diagnostic challenge. Common RfEs and common EoCs, with higher prevalence and incidence rates, allow a more precise determination of an OR (narrower CI) and thus allow an association between a symptom and an episode title in a new EoC to be more precisely defined mathematically but only when such a relationship indeed exists.
The diagnostic associations that we present reflect underlying biological and pathophysiological effects, which may be universal. Although the actual diagnostic process is not necessarily universal, we have still observed such associations after they are picked up by the FD during the process of diagnosis. Although it is possible that FDs might learn inappropriate diagnostic processes, which are then empirically observed in a study such as ours, it is unlikely that groups of FDs in different countries are all learning the same 'wrong' behaviour. The appropriateness of these diagnostic associations is also evident from examining them rationally and comparing them with available literature (see below). Indeed, many of them seem very appropriate and logical. Frequency (experience) may indeed be a better teacher than formal training (education) alone, and we present our results as evidence to support this. Does practice indeed make perfect? The case is strengthened by our finding 'high' diagnostic ORs, reflecting strong diagnostic associations and thus, arguably, better diagnostic acumen, for symptoms of episode titles which are more frequent in a population. Examples include acute respiratory and gastrointestinal disease in Malta and tiredness in the Netherlands (see above). Of course, frequency alone is not enough. Should no diagnostic association exist, it is to be expected that one would not be recorded by a competent FD. In fact, the diagnostic associations we have observed are certainly not casual.
Indeed, when one considers that the CI of a diagnostic OR reflects not only the number of observations of the components of the association (the RfE and the episode title), the effect of exposure, but also the number of observations of the interaction itself (OR of RfE for that episode title). The latter is dependent on the FD's expertise in picking up that association and coding it. Only with experienced FDs frequently exposed to that diagnostic challenge would enough data be recorded to have a reliable estimate of the OR, which then reaches clinical and statistical significance.
These observations support the hypothesis that FDs demonstrate improved diagnostic expertise with commoner EoCs, and frequent presenting RfEs, in contrast to rare conditions. In fact, it is logical that FDs can claim expertise in the care of common conditions but should refer rare diseases to secondary care specialists, who can claim more expertise simply on the basis of seeing more cases. We found that our data evidence similar core diagnostic processes in three databases, for common RfEs and common episode titles, but less so for less common EoCs and RfEs. Thus, we have also replicated this aspect of the phenomenon of frequency in our mathematical model with the OR and its CI.
Comparisons with existing literature
Limited literature is available to directly compare with this international study of the process of diagnosis within EoCs in FM.
In 2002, Okkes et al. 13 published a distribution of probabilities of specific diagnoses among family practice patients presenting with common symptoms. The availability of accurate estimates of probabilities for common symptoms and complaints was considered to be of great potential for the development of FM as an academic discipline and to support medical decision making. Two limitations of this study were that the data were only available from Dutch FD practices and that the probabilities were presented as percentages rather than odds of a diagnosis at the start of a new EoC. The paper commented that the stratification of such probabilities by age groups increases their clinical relevance, and in fact, we publish such analyses in a companion paper. 6 Cough and shortness of breath were used as examples in this paper, and the distributions of probable diagnoses overlap considerably with the corresponding data in our article (Table 2) , 13 as expected, since both studies have included data from the same database over different time periods. In 2005, the same authors published these Dutch data in electronic form with the Wonca ICPC-2-R book. 9 In the 'EFP' program on the included compact disc, 9 the posterior probabilities are calculated slightly differently from the method in this paper. We have chosen to give probabilities measured at the start of a new EoC rather than for a population of patients presenting to the FD.
In 1987 and 1996, Dobbs published two studies on the occurrence of symptoms and signs in cases of urinary tract infection and streptococcal sore throat, respectively. 16, 17 The rates of occurrence of individual symptoms and signs were used to develop a Bayesian scoring system for each condition. Bayesian probability scores (B-scores) were calculated, and these could be corrected for a base prevalence rate (prior probability). The B-score values then used to calculate the probability of a urinary tract infection, or streptococcal throat infection, which would respond to antibiotics in individual patients, with good sensitivity and specificity. The B-scores compare very well with the corresponding ORs for 'cystitis' (U71) and 'tonsillitis' (R76) in Table 3 . In the case of cystitis (U71), the finding that frequency, dysuria and urgency are important predictors is confirmed by our data and the same applies for haematuria (data not tabulated; this RfE is not included in the top 20). However, we could not compare the data for nocturia and 'offensive urine' since these clinical concepts do not have separate ICPC codes. We found the odds for 'nausea' to be low (less than unity) but not with a narrow CI (data not tabulated), and as such, we can only partly corroborate the finding of a negative association reported by Dobbs. In the case of tonsillitis (R76), we can confirm the positive diagnostic relationship with the symptoms of 'sore throat,' 'fever' (Table 3) , 'soreness on swallowing' and 'enlarged lymph nodes' (data not tabulated) but did not find a significant relationship with the symptoms 'cough,' 'muscle aches' and 'facial flushing,' in contrast to the findings reported by Dobbs. There are no ICPC codes for 'white tonsils' and 'smelly breath', and as such, we could not directly compare these data. 16, 17 Although we have found good agreement with our findings, the studies by Dobbs were not international comparisons and were limited to one diagnosis and a pre-selected limited set of symptoms in a cross-sectional study.
In 1992, van Duijn et al. 18 studied the LRs of various signs and symptoms of maxillary sinusitis, the diagnosis being confirmed by ultrasound. The only signs and symptoms with an LR of >2 were 'pain in the teeth', nasal polyp and 'purulent nasal secretions', while the symptom 'URTI' had a LR of 1.4, and maxillary and facial pain had LRs of 1.8 and 1.7, respectively. 18 We found significant ORs for cough, URTI, nasal congestion, headache and respiratory system pain (Table 2) , which are quite comparable to van Duijn's findings.
A series of studies in the Journal of the American Medical Association (JAMA) have looked at LRs for common diagnoses and selected symptoms. [19] [20] [21] [22] [23] [24] [25] [26] In comparison to our study, reported LRs were surprisingly low, and often, few associations were found. For example, a study of the evidence base for the diagnosis of influenza failed to find any symptom or sign with an LR of > 2.0, 21 while on the other hand, we found many symptoms to be predictive of a diagnosis of influenza at the start of a new EoC (cough, fever and tiredness in two or more populations and throat symptoms, headache, nasal snuffles and respiratory system pain in at least one population). The contrast is indeed striking! The JAMA study, however, was not a primary care study. The results of a study of urinary tract infection are more comparable, with the JAMA study finding significant associations with dysuria, frequency and back pain, which is comparable to our findings. However, we found stronger associations with higher ORs, while the JAMA study describes LRs in the range from 1.5 to 1.8. 22 In a study of strep throat, 26 again no symptom predictors were found in the JA-MA study, and only the signs from a clinical examination were found to be useful. This is in contrast to our findings and those of Dobbs. 16 We feel that this confirms and in fact underlines the utility of primary FM studies in the field of diagnosis.
Other studies of the process of diagnosis in FM using different methodologies, such as case studies presented to FDs, questionnaires to FDs or patients, rating scales or simulated patients, have also typically focussed on one disease or condition at a time. Some studies have used routinely coded EMR data to look at the process of diagnosis, but few of these have collected data on RfEs presented by patients. In many studies, the collection of symptom data has been performed with self-administered questionnaires before the patient entered the consultation room and not with data on symptom(s) actually presented to the FD during usual care. Diagnostic associations in the vignettes were not based on FM data, but rather derived from all available literature, including expert consensus. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Other studies have tried to improve FDs' diagnostic acumen and adherence to guidelines, for a particular 'under-diagnosed' condition, without collecting any empirical evidence on the quality of routine diagnoses in day-to-day practice. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] None of these studies, except the Transition Project studies, have collected data on all RfEs and EoCs coded during routine care, structured data within EoCs and studied the process of diagnosis in an international comparison.
One finding of this study is the association between exposure and expertise. Does practice indeed make perfect? We found evidence for this in systematic reviews of the process of diagnosis, which found that volume is associated with better outcomes across various medical disciplines. 37, 38 We also found evidence of the development of more flexible, and improved, diagnostic approaches (such as 'intuition', or 'pattern recognition') with experience; expertise was also associated with better discrimination between lower and higher risk patients. 39 In fact, previous studies of decision making in medicine have found that an increase in doctors' expertise, and experience, is associated with a preference for different diagnostic decision making processes (such as pattern recognition), and this was in turn associated with much higher odds of making a correct diagnosis. 40 One recent study of diagnosis in FM did not find that more experienced FDs make less misdiagnoses, 36 but this study was limited to uncommon or difficult diagnoses. This is an important limitation since difficult diagnoses are associated with misdiagnoses. 40 Some studies, additionally, tend to be limited to studying self-reported responses to artificial case vignettes and not real-life performance. 36, 40 A systematic review of the relationship between clinical experience and quality of health care, including some studies from FM, reported that half of the studies retrieved did find decreasing trends in knowledge performance and adherence to guidelines as clinicians' age. A fifth of studies found this for only some outcomes studied, while another fifth found no association. A major limitation of this review was that it was biased towards studies of knowledge assessments and adherence to guidelines, rather than primary outcomes of care processes, and was thus not assessing actual doctor performance in practice. Furthermore, the minority of papers that did indeed assess patient outcomes were disease-specific studies of hospital care (the largest studied myocardial infarction outcomes in hospital). 41 Different theories of decision making are supported by empirical evidence but present disparate views of medical decision making. 39, 42 However, there is good evidence that doctors' approach to diagnosis changes, and improves with experience, even though diseasespecific knowledge and quality of care may slowly deteriorate with age. 39 To some degree, the jury is still out on whether practice makes perfect, but there is evidence in the literature that it does, and our findings add evidence to support this.
Evidence based on family practice to support FM practice The practice of evidence-based medicine requires information on the predictive power of symptoms and signs in the domain. Intuitive and pattern-matching diagnostic processes have been shown to perform well, especially with experienced FDs. However, such an approach has been criticized as not being formally evidence-informed. This argument constitutes a paradox: if evidence to inform practice is not based on evidence from practice, what should it be based on? We defend the study of diagnosis in FM, based on observed data, as an entirely appropriate source of prior probabilities, likelihood functions, and therefore posterior probabilities for diagnoses in FM.
The differences we discovered are arguably due to many effects, including differences in primary health care systems, care delivery, FD training and sociocultural effects, but also direct FD experience based on frequency of exposure to RfEs and EoCs, and their relationships, and the prevalence and incidence of health problems. 4 However, the similarities in the distributions of diagnostic relationships in these three databases cannot be explained away as simply due to these effects or simply due to the biology or pathophysiology of disease. It appears evident that a core diagnostic process underpins these observations in different populations. This observation supports the internationality of the discipline of FM, at least with respect to the core process of making a diagnosis.
Limitations
The components of the observed variation in associations between populations are complex, being composed of multiple interacting effects (e.g. age, sex, geographical location, culture, socio-economic status, co-morbidity, inter-doctor variation, changing evidence over time, etc.) as discussed above. It is not possible to tease out these effects in a complex adaptive system such as family practice. As such, our responses to the second and third research questions are constrained by the complexity of the system. The ORs presented represent statistics calculated from a number of practices, which are not corrected for the effect of clustering; the criteria for considering an OR as significant, both clinically and statistically, were thus tightened (see below) to avoid type 1 error. Another publication in the series assesses the effect of inter-doctor and inter-practice variation, to estimate the actual strength of the cluster effect. 6 However, there is evidence that the influence of the health care system on the 'task profile' of FDs seems to have a larger effect on utilization than on distributions of EoCs and patient needs for care (RfEs). 43 In fact, we have found differences in the associations for some episode titles, such as 'prevention' or 'no disease' which may be better understood by analysing distributions of requests for, and provision of, specific medical interventions rather than symptom RfEs.
FDs are often selected to participate in EMR research after they have accepted to record such data carefully, and in depth, over time. Thus, such FDs are often not representative of all FDs in a national system, but rather tend to collect data at a higher level of detail and accuracy than their colleagues, and may have an incentive to do so (financial or academic). The differences in the practice populations (e.g. no registered population in Malta) and the sizes of the databases (number of patients and observation periods) are also unavoidable due to different research circumstances. Consequently, the analysis of such data exhibits many of the qualities and limitations of both qualitative and quantitative research methodologies, sacrificing some generalizability for increasing depth and accepting inherent biases, which cannot be adjusted for without introducing new systematic error.
This paper stimulates the discussion of whether a sample of practices, or a practice population, such as those we have studied, allows one to generalize findings to a regional or national level. The populations we have studied seem comparable, especially with respect to the distributions of diagnostic relationships. Previous literature, including another paper in this series, suggests that the variation between practices in 1 year is less than between years for one practice and that variation impacts differently on different data (such as ICPC chapters, types of interventions, prescriptions). 5, 6, 43 As such, the issue of inter-doctor variation may be smaller than was previously considered.
The positive and negative LRs themselves would give different perspectives on these diagnostic relationships, but ORs were used as a summary measure for this study. The analysis of the diagnostic relationships was performed one-way (uni-variate). A multi-variate analysis would theoretically allow the analysis of probabilities, given multiple independent variables, including multiple RfEs. However, a fundamental assumption of such analyses is that variables entered into the model must be independent, normally distributed and have an equivalent standard deviation. 12 This assumption does not hold for multiple RfEs in an encounter since symptoms tend to cluster. We hope to improve on this methodology by correcting for conditional dependence using latent class analysis in a future study.
The comparisons between 41 prevalent EoCs against 36 incident RfEs presents a challenge in the potential risk of describing spurious associations due to the number of statistical tests performed. However, by choosing to accept as clinically significant only those associations with an odds of three or more (or 0.3 or less), and ignoring those observations which are smaller than the width of their 95% CI (a stricter criterion than accepting as significant those whose CI excludes unity), the chance of such spurious associations is compensated for. 12 It is hoped that the problem of the relative lack of power to identify associations with less common RfEs and episode titles will be addressed over time as the databases become larger.
The diagnostic ORs and models presented in this paper are limited in that they represent an analysis of diagnostic associations at the start of an EoC (first encounter for a new episode) and do not take into account that the diagnosis may have changed later on during the episode. Such data are captured in the Transition Project and will be the subject of a planned future study. Furthermore, it is quite possible to miss rare, but important, diagnostic associations due to their infrequent nature, and the wide CI, for such an association. These data guide but do not replace the expertise of an experienced FD.
This study focussed on the relationship between one RfE and one episode title and did not look at the effect of age, sex, doctor, past history and other known predictors of the prior probability of disease in one individual. A companion paper looks at these effects in more detail. 6 
Strengths
In other specialities, the diagnosis is often inappropriately given a disease-label, even if it does not entirely fit the criteria. This is an anomaly often found with the application of such classifications, which are not primary care oriented and which do not facilitate labelling symptom diagnoses, such as the International Classification of Disease (ICD). 3 With ICPC, the availability of the symptom diagnosis keeps other disease-label diagnostic classes (concepts) clean and allows appropriate handling of diagnostic uncertainty. The similarities we have observed are therefore reinforced in their validity.
The data analysed in this research project allow the precise description of relationships between diagnoses and RfEs and the calculation of 'prior' and 'posterior (post-test) probabilities' for a diagnosis. This allows for the study of such probabilities and functions (prior probability, likelihood function, posterior probability) for practically all combinations of RfEs and episode labels coded in ICPC. This is the first such research project to publish such data within an international comparison. These data are of value for decision support systems to support diagnosis in primary care. Such decision support systems 9 are currently available to doctors participating in the Transition Project, and they have been used for clinical care, for research and for educational purposes.
Congruency between diagnostic ORs in different populations was assessed conservatively. Even with these strict criteria, we could demonstrate congruency in around half of the listed RfEs and EoCs, for half or more of the sets of ORs. Our conclusions are strengthened by the clear trends in the data.
Implications of the study
This study reports on an original comparative analysis of the relationships between RfEs and episode titles during routine FM care of practice populations from three countries. The applicability of such data, analysis and methodology is broad and direct, informing clinical practice, education and training, quality assurance and research in FM.
A key feature of this study is the publication of ORs of episode titles, given a RfE at the start of a new EoC. Such data support the interpretation of the predictive power of signs and symptoms in FM, and this has direct application to the area of evidence-based decision support systems driven by the RfE. Our study explores a developing area and should inform future research in the core discipline of diagnosis in FM. The study contributes evidence to support the positive effect of experience on expertise and to support the existence of international common core diagnostic concepts amongst FDs in different countries.
Conclusions
The ICPC, the RfE and the EoC allow the collection of precise data which describe the international epidemiology of FM in depth, including the study of diagnostic associations between RfEs and diagnoses/ episode titles, from both the RfE and the episode title perspective.
The congruence of diagnostic associations between populations supports the use of such data from one population in another. However, we found differences in the magnitude of diagnostic associations even though Family Practice-The International Journal for Research in Primary Care the associations were similar in direction. Evidently, it is desirable to have diagnostic data from the population they are to be used on for decision support.
Observed differences in distributions of diagnostic associations between RfEs and episode titles in the Transition Project populations could be due to cultural, social, intellectual, religious, spiritual, legal, health care system effects, besides inter-doctor variation and differences in the incidence and prevalence of illness. Evidently, however, there are remarkable similarities and congruencies in the process of diagnosis between these three populations, which are stronger than the above effects.
We propose that both an international (common) and a local (health care system specific) content of FM exist, and the empirical distributions of diagnostic associations that are presented in this paper are a reflection of both these effects. In this respect, the comparative study of distributions of diagnostic ORs is a superior reduction of FM epidemiology than distributions of incidences and prevalences of illness and disease.
We also observed that the frequency of exposure to diagnostic challenges had a strong effect on the CIs of diagnostic ORs reflecting these diagnostic associations. We propose that this constitutes evidence that expertise in FM is associated with frequency of exposure to diagnostic challenges.
